The status of the macula is a significant factor in determining final visual outcomes in rhegmatogenous retinal detachment (RRD) and should be considered in the timing of surgical repair. Several studies have shown that macula-involving RRDs attain similar visual and anatomic outcomes when surgery is performed within seven days as compared to emergent surgery (within 24 hours). In contrast, surgery prior to macular detachment in macula-sparing RRDs generally yields the best visual outcomes. In the case of macula-sparing RRDs, it is not clear how long the macula may remain attached, therefore, standard practice dictates emergent surgery. Timing of presentation, examination findings, case complexity, co-existing medical conditions, surgeon expertise, and timing and quality of access to operating facilities and staff, however, should all be considered in determining whether a macula-sparing RRD requires immediate intervention or if equivalent visual and possibly better overall outcomes can be achieved with scheduled surgery within an appropriate time frame.
INTRODUCTION
Historically, all rhegmatogenous retinal detachments (RRDs) were considered surgical emergencies; therefore, the patient was taken for immediate surgical repair at the time of presentation. The prevalent thought at the time was that emergent surgery would lead to better visual and anatomic outcomes. More recent studies, however, have shown that the status of the macula is a significant factor in determining final visual outcomes and should be considered in the timing of surgical repair. [1] [2] [3] [4] [5] [6] [7] [8] [9] Macula-off or macula-involving RRD refers to cases in which the liquefied vitreous has already entered the subfoveal space resulting in potentially permanent damage to the patient's visual acuity via photoreceptor cell death and retinal anoxia [ Figure 1 ]. [10, 11] In these cases, surgical repair is typically scheduled within seven to ten days of detachment [ Table 1 ]. [2] [3] [4] [5] In contrast, macula-or fovea-sparing (also dubbed macula-on) RRD indicates that subretinal fluid has not affected central vision and that visual acuity remains at baseline [ Figure 2a -c]. The timing of surgical repair is vital in preventing progression of fluid into the subfoveal space and reducing the potential for subsequent vision loss. [12] The goal of RRD repair is to reattach the retina and to improve (macula-involving RRD) or stabilize (macula-sparing RRD) vision.
MACULA-SPARING RHEGMATOGENOUS RETINAL DETACHMENT
Macula-sparing RRDs have a higher probability of achieving better visual outcomes. [9, 13] Williamson et al compared 330 patients with macula-sparing RRD and 325 patients with macula-involving RRD. Visual acuities were compared to the duration of RRD (1, 2, 3, 4, 5, 6, 7-13, 14-20, and ≥21 days). Patients with macula-sparing RRD achieved better vision (median 6/6) than subjects with macula-involving RRD (median 6/9). [14] Salicone et al showed similar visual outcomes for macula-sparing versus macula-involving RRDs [ Table 2 ]. [9] Repair of macula-sparing RRDs generally leads to excellent anatomic and visual outcomes. Wilkinson found that 97% of macula-sparing RRDs were successfully repaired with a single operation and 90% achieved visual acuity of 20/40 or better following surgical repair. In the same study, 24% of eyes with normal (20/20) or near-normal (20/25) preoperative visual acuity suffered from partial vision loss (≥20/30) post-operatively despite anatomically successful reattachment. [15] Hartz et al compared macula-sparing and macula-involving RRDs in scheduled and emergency settings and sought to determine whether there was a statistically significant difference in visual acuity outcomes [ Table 3 ]. A 15% random sample was extracted from 884 cases of primary scleral buckling procedures performed from 1983 to 1987. Medical records of the 137 randomly selected patients were analyzed and all relevant patient characteristics were compared. Of the 18 patients with macula-sparing RRD scheduled for surgery, none progressed to involve the fovea prior to surgery. Final visual acuity outcomes for scheduled and emergent surgery were similar after taking into account presenting patient characteristics. [13] Wykoff et al similarly showed equivalent visual acuity outcomes in emergent versus scheduled surgery for macula-sparing RRDs [ Table 3 ]. [16] Ho et al reviewed 82 patients with macula-sparing RRD with average time-to-surgery of 2.33 days and found that most did not progress within the first few days after presentation. Eleven (13%) patients demonstrated progression of fluid with an average rate of 1.88 disc diameters/day. Ho et al concluded that the distance of subretinal fluid from the fovea at presentation was the only significant risk factor for progression to foveal detachment. [17] Three separate studies have looked at the correlation between time-to-surgery in macula-sparing RRD and anatomic and visual outcomes [ Table 4 ]. [16, 18, 19] These studies concluded that delaying the repair of macula-sparing RRD does not necessarily result in worse anatomic or visual outcomes.
Of the 114 patients in Elrich's study, six subjects had delayed surgery (two to five days) based on institutional policies that retinal reattachment surgery must start before hour 20:00 or wait until the next available day and time. Two of 32 patients in the 12-24 hour time-to-surgery cohort progressed to involve the macula before the scheduled surgical repair. In both cases, the patients had bullous superior RRDs encroaching on the macula at presentation [ Figure 3a and b]. Despite progression of the RRD, both patients had successful reattachment of the retina and maintained their excellent preoperative visual acuity. The authors did not find a correlation between time-to-surgery and final anatomic or visual outcomes but advocated undertaking RRD repair as soon as reasonably possible, especially in superior detachments and those involving the temporal arcades. [18] In Lai's analysis, the median time to surgery for the ≤24-hour group was 0.8 ± 0.4 days. Median time to surgery for the >24-hour group was 3.7 ± 2.2 days. Variables such as timing of surgery, lens status, location of detachment, and type of surgery did not lead to a statistically significant higher risk of retinal redetachment. Lai et al, however, did find that patients who presented with pseudophakic macula-sparing RRDs were more likely to undergo early (<24 hours) surgical repair. There is a possibility that pseudophakic macula-sparing RRDs present with findings that prompt the surgeon to intervene sooner. [19] Wykoff observed the greatest range of time-to-surgery and concluded that many macula-sparing RRDs can be safely deferred for a short period of time. This study included 187 macula-sparing RRDs of which 12 (6%) were operated on during a weekend or holiday. There were 55 (29%) patients who went to the operating room between 24 and 72 hours after initial evaluation and eight (4%) patients who were operated on more than one week after presentation. In the group operated on after one week, surgery was delayed due to RRDs diagnosed bilaterally, medical problems, personal reasons, and in one patient, hurricane constraint. This patient was the only case in whom the RRD progressed to involve the macula but only after four days, and final visual acuity was 20/40. The observed trend was that superior and temporal RRDs and patients with superior retinal breaks received surgery sooner. [16] These studies found no statistically significant differences between patients with macula-sparing RRD who were operated on the day of presentation versus days later in terms of final anatomic and visual outcomes. The studies accounted for variable factors including age, gender, lens status, duration of symptoms, location of RRD, location or number of retinal breaks, intraoperative drainage of subretinal fluid, intraoperative complications and the need for reoperation, and still found no correlation with final visual acuity or anatomic success. Limitations of these studies are their retrospective design and relatively small population size. Although a prospective study would give us useful information and have more control over variables, it would be unethical to extend a patient's time-to-surgery for macula-sparing RRD.
DISADVANTAGES OF EMERGENCY SURGERY
Conventionally, all retinal detachment surgeries were considered emergent in nature. Recent studies have shown different requirements for time-to-surgical repair in macula-sparing versus macula-involving RRDs. In macula-involving RRDs, a seven to ten day window to surgical repair is considered as standard practice based on clinical, post-mortem, and animal studies showing similar anatomic and functional outcomes whether the patient is scheduled for surgery or operated on emergently within 24 hours. In macula-sparing RRDs, little has been published regarding whether surgery should be performed emergently, scheduled within one to three days, or scheduled within seven days. It is standard practice to operate within 24 hours to reduce the possibility of macular detachment; however there are no studies which have specifically shown that operating so quickly achieves better outcomes. [12] The general thought is simply to perform surgery emergently in an effort to significantly reduce the possibility of macular detachment. Since there is no known definitive time period until macular detachment, and since visual outcomes are significantly better if macular detachment does not occur preoperatively, why not operate on an emergent basis? Emergent surgeries performed in a wide spectrum of medical subspecialties have been shown to have additional risks and costs that must be considered. [13, [20] [21] [22] [23] [24] This is dubbed the "weekend effect" and studies regarding this phenomenon in the operative literature consistently demonstrate sub-standard outcomes for emergent and elective surgeries performed during the weekend. [24] While causes of the "weekend effect" remain largely unknown, factors may include lack of access to operating facilities and trained staff, surgeon fatigue, surgeon inexperience, and greater risks related to co-morbid medical conditions when surgery is performed out of normal hours.
ACCESS TO FACILITIES AND TRAINED STAFF IN EMERGENCY SURGERY
In the 2015 Preferences and Trends (PAT) Survey, vitreoretinal surgeons were asked to state the percentage of surgical procedures performed in an ambulatory surgery center (ASC). Out of 814 respondents, 504 (62%) performed some or all of their cases in an ASC. [25] The 38% of respondents who did not use an ASC most likely performed surgery at a private, teaching, or Veterans Affairs (VA) medical center hospital. For vitreoretinal surgeons that perform surgery solely at an ASC, access to ASC facilities for emergent surgery may be extremely limited or completely unavailable during evenings and weekends. These same surgeons may have hospital privileges at a nearby hospital; however, the operating room in these situations may have inadequate instrumentation and/or staffing due to the limited number of vitreoretinal surgical cases performed.
In situations which the vitreoretinal surgeon performs an adequate number of cases at the hospital, allowing access to proper instrumentation and trained staff, still other concerns arise. Heng correctly noted that scheduling emergency surgery cases among elective cases often results in prolonged waits for emergency surgery and delay or cancellation of elective cases. [26] Frimpong-Ansah and Kirkby reported on data collected from a questionnaire that was sent to all members of the British and Eire Association of Vitreo-Retinal Surgeons (BEAVRS). Of the 78 respondents, 66 (84.6%) had access to operating room and staff on weekends, but as the authors noted, this did not necessarily mean that surgery could be easily arranged. It is ease of access to and functionality of facilities that are crucial, not just the availability of facilities and staff. In some instances, non-ophthalmology operating rooms were shared and there was sporadic availability of ophthalmic-trained staff. In other instances, generally trained nurses obtained phone advice from ophthalmic-trained staff. This is hardly an ideal situation to operate on a macula-sparing RRD. It is also important to note that even in the best situation, ophthalmic-trained staff do not always equate to vitreoretinal-trained staff.
In the same study, 22 of 78 (28.3%) vitreoretinal surgeons that responded to the survey provided continuous retina call. This led the authors to conclude that most likely, the majority of vitreoretinal surgeons covered call informally when they were not strictly on call. [27] A similar study was conducted in Spain in which a questionnaire was given to the heads of ophthalmology departments to obtain information on the management of urgent RRDs. Eighty percent (80%) of respondents admitted to difficulties in management of urgent RRDs during weekends including availability of operating rooms, anesthesiology staff and trained ophthalmic nurses. Seventy-four percent (74%) of respondents admitted to having no vitreoretinal specialist and referred patients to other hospitals. [28] The authors note that the limited number of presenting macula-sparing RRDs makes it difficult to justify allocating resources for emergent RRD surgery in all hospitals. Rojas suggests concentrating emergent surgery at specific centers. Unfortunately, this would make access difficult for patients not living nearby these centers. In addition, referral to these centers would increase the time from diagnosis to surgery, possibly leading to an increase in the number of cases in which the macula is detached by the time of surgery. [24, 29, 30] 
SURGEON FATIGUE
Surgery performed in an emergent setting is typically outside normal work hours and may lead to a higher risk of complications and adverse effects based on physician and staff fatigue. It is believed that muscular and mental fatigue can develop during prolonged operating leading to a reduction in a surgeon's fine motor control and reduced precision of instrument movement. [31, 32] One study showed intraoperative complications in 5.1% of RRD operations. [33] Future studies comparing these complication rates in emergency versus scheduled surgery would be instructive in showing whether surgeon fatigue should be considered as a factor in determining the best time to perform surgery for a macula-sparing RRD.
SURGEON EXPERIENCE
Another consideration for the success of retinal detachment repair is surgeon experience. This is especially important in emergency cases. On-call surgeons for evening and weekend procedures may include vitreoretinal fellows-in-training as well as surgeons who operate infrequently. Mazinani et al showed that the learning effect was reduced by half after 500 vitreoretinal procedures which corresponded to approximately 60 retinal detachment procedures. [34] Koch et al analyzed 1,810 cases of RRD and found that non-experts who had performed fewer than 30 pars plana vitrectomies (PPV) and 30 scleral buckling procedures (SBP) for RRD as primary surgeons, achieved inferior anatomic results when performing surgery in the emergency setting [ Table 5 ]. [35] In the routine setting, experts and non-experts achieved comparable results; however, Koch specifically analyzed the final outcomes of patients with visual acuity ≥0.5 LogMAR (20/63) [ Table 6 ]. In this group, there was a trend for better visual outcomes when surgery was performed by an expert surgeon in a routine setting. One reason for this trend may have been that scheduled surgery allowed for LogMAR, logarithm of the minimum angle of resolution; n, number assistance by expert surgeons and thus, overall better outcomes.
SYSTEMIC RISKS ASSOCIATED WITH EMERGENCY SURGERY
Emergency surgery has potential disadvantages that must be considered in the context of co-existing systemic illness and anesthesia risk. While this has not been specifically studied in the context of emergency retinal detachment surgery, data from related analyses can be beneficial. Henderson et al reviewed ophthalmic surgery cancellations in an ambulatory surgical center over a two-year period. Medical reasons accounted for 40% of all late cancellations, with the majority denied anesthesia clearance related to cardiovascular problems (uncontrolled high blood pressure, new arrhythmia, etc.) [36] Another study by Maa and Sullivan looked at late ophthalmic cancellations at a Veterans Affairs (VA) medical center and found that nearly 30% were due to medical reasons. Of the patients cancelled for medical reasons, approximately 36% were due to vascular causes including myocardial infarction, arrhythmia, high blood pressure, stroke symptoms and chest pain. Another 10% of these cancellations were due to pulmonary causes including hypoxia. The remaining medical reasons for cancellation included anemia, polycythemia, continuing anticoagulants and elevated blood glucose levels greater than 300 mg/dL. [37] It is interesting to note that Maa's analysis took into account the 13.3% of patients who were felt to be high-risk for ophthalmic surgery at the time of clinical evaluation and were referred for medical clearance in advance of elective surgery. Despite this clearance, nearly one-third of patients were cancelled on presentation for surgery due to concerning medical reasons. Elevated blood pressure and glucose levels, arrhythmia, anemia and hypoxia are significant medical concerns that can lead to intraoperative and post-operative complications. [38, 39] In the emergent setting of macula-sparing RRD, some of the medical reasons for cancellation in the above studies may be tolerated in favor of better visual outcomes. In these instances, there may be little or no effort to delay surgery in order to evaluate patients with systemic pathology because of the concern for impending macular detachment. [13] Cardiovascular or internal medicine clearance prior to surgery, within an appropriate time frame, may allow for improved systemic outcomes while maintaining visual outcomes. Short-term positioning, bed rest and/or bilateral patching to reduce the height and progression of retinal detachment may be a consideration during this time period if necessary. [40] [41] [42] [43] [44] [45] 
COST ANALYSIS OF EMERGENCY SURGERY
Several studies have outlined cost-analysis for treatment of retinal disease such as age-related macular degeneration and macular edema, but this same analysis is mostly lacking in retinal detachment repair. [46] [47] [48] Chang reported a total cost ranging from $2,763 to $7,940 for repair of primary RRD depending on treatment modality (pneumatic retinopexy, scleral buckle, or pars plana vitrectomy), and practice and surgical setting. [49] Hartz et al found a 25% greater cost incurred for patients undergoing emergency retinal detachment surgery due to the difference in pay scales to support personnel. [13] It is noteworthy that none of the 18 patients with macula-sparing RRD progressed to involve the macula while awaiting scheduled surgery in Hartz's study. Hartz also found no evidence that delaying surgery contributed to a worse visual outcome regardless of the status of the macula. Aside from the cost-analysis findings, the most important observation in this study was that patient characteristics greatly influenced how surgery was scheduled. Patients thought to have a more acute detachment, no pre-existing optic nerve or macular pathology (greater visual potential) and little subretinal fluid, more often had surgery on an emergent basis. These and other prognostic indicators at presentation may prove to be the most important factors in determining the rate at which a macula-sparing RRD will progress to involve the macula. It is possible that individual genetic and anatomic differences may render the retina-RPE adhesion more or less susceptible to progression of an RRD. [50] Further analysis of these indicators is imperative so that emergent or scheduled surgery can be performed in the best interest of the patient's co-existing systemic conditions, psychosocial issues and personal needs, while taking into account the additional risks and costs of unnecessary emergency surgery.
Another factor which will likely matter in the United States in the near future has to do with the Patient Protection and Affordable Care Act which directs the Centers for Medicare and Medicaid Services to provide information about each surgeon's use of resources and the quality of care provided to patients. [51] The increased use of resources in emergent surgery will need to be justified by the quality of care and final visual, anatomic and possibly even systemic outcomes.
DISCUSSION
Without question, every reasonable effort should be made to perform surgery on macula-sparing RRDs prior to detachment of the macula, thereby allowing for the best possible functional outcomes. The critical query, however, remains: How long before the macula will detach? A controlled, prospective trial to answer this question is impractical and unethical. In certain instances, scheduled surgery for macula-sparing RRD can benefit the patient and decrease unnecessary costs to the health care system, while still allowing excellent final visual results. Further analysis of high-risk indicators leading to progression of macula-sparing RRD would prove useful in determining those patients that can safely wait for scheduled surgery. Factors such as the timing of presentation, examination findings (location of detachment, vitreous syneresis, operculated versus tractional retinal defects, signs of chronicity), case complexity, patient's co-existing medical conditions, surgeon expertise, and timing and quality of access to operating facilities and staff should all be considered in determining whether a macula-sparing RRD requires immediate intervention or, in fact, the patient would do better with scheduled surgery within an appropriate time frame.
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